Objective. In 2010, Wolfe et al. demonstrated poor physician use of the 1990 fibromyalgia diagnostic criteria and proposed the 2010 criteria to address physician shortcomings. No follow-up studies have investigated whether physicians are using these criteria. The purpose of this study was to provide seminal data on physician knowledge and use of the fibromyalgia diagnostic criteria.
Introduction
Fibromyalgia is a complex clinical enigma presenting significant challenges to our health delivery system. It affects many people, and it is estimated that 2.7% of people worldwide have this disorder [1] . In Canada, the prevalence of fibromyalgia is 0.6% among adult males and 2.8% among adult females [2] . This proportion is expected to increase as rates of chronic pain are increasing in Canada [3] . This disorder greatly impacts an individual's quality of life and presents significant economic burden [4] . Approximately 30% of Canadians with fibromyalgia are disabled [5] . Most people living with the disorder report experiencing severe symptoms daily-widespread pain, irritable bowels, depression, anxiety, somatization, catastrophizing, and kinesiophobia are examples [4] . Health care expenses and work loss for Canadian patients living with fibromyalgia are approximately twice those of people without a fibromyalgia diagnosis [6] . Despite the impact this condition has on its sufferers, it is estimated three of four patients suffering from fibromyalgia remain undiagnosed [7] . Patients are reported to wait an average of 2.3-5.2 years to receive a diagnosis [8] .
The diagnosis of fibromyalgia has changed over the years. In 1990, Wolfe et al. [9] presented a set of classification criteria for fibromyalgia that included a physical examination to identify 11 to 18 tender points and a measure of widespread pain. These criteria were subsequently used as a diagnostic tool for fibromyalgia in the following two decades. Wolfe et al. [10] proposed a new set of diagnostic criteria in 2010 that excluded the physical exam. These were created to recognize that family physicians, who are typically the first to diagnose most cases of fibromyalgia, rarely performed the tender point examination and, when they did, the examination was performed inadequately [10] .
Several studies worldwide supported Wolfe's findings by demonstrating physician nescience regarding the 1990 criteria. Approximately 50% of general physicians and specialists in Europe, Central America, North Africa, and Asia also reported that they were unaware of the 1990 criteria as a diagnostic modality and did not adhere to the criteria in practice [11] [12] [13] [14] [15] . The highest proportion of physicians aware of the 1990 diagnostic criteria were rheumatologists, and the least familiar were family physicians, which was attributed to differences in pain education [11, 14] . Hayes et al. [16] found that Canadian physicians were not consistently using (3.59/5) the 1990 diagnostic criteria. They also reported a decreased ability to diagnose (2.91/5) fibromyalgia and inadequate skill for treating fibromyalgia (2.73/5) among physicians.
The findings of Wolfe et al. [10] and Hayes et al. [15] demonstrated poor physician adherence to the 1990 diagnostic criteria, as well as poor skills diagnosing and treating fibromyalgia. However, these findings are limited by the fact that they only provide physician self-reports on use and opinions of the 1990 criteria; they did not adequately assess their knowledge; for example, only three statements were used to probe physician use of the 1990 criteria, ability to diagnose fibromyalgia, and knowledge of treatments. No studies have quantitatively assessed physician knowledge of the 1990 and 2010 diagnostic criteria or the implementation of the 2010 criteria into clinical practice. Only Buskila et al. [12] assessed family physician ability to perform the tender point exam two decades ago. Therefore, the primary objective of this study was to investigate physician knowledge of the 1990 and 2010 diagnostic criteria in Canada. A secondary objective was to investigate the association of physician specialist training and clinical experience to physician knowledge of the criteria. We hypothesize that physicians with the most years in training in rheumatology, pain, and musculoskeletal (MSK) rehabilitation will have the greatest knowledge of the 1990 and 2010 fibromyalgia diagnostic criteria. To the authors' best knowledge, this study is the first to investigate these questions in Canada. Findings from this study provide important foundational insight into physician knowledge of the criteria in Canada and will inform future research aiming to improve the clinical diagnosis of fibromyalgia and patient management, with the aim to ultimately improve patient outcomes.
Methods
A 37-item questionnaire (Supplementary Data) was constructed using the 1990 classification criteria and 2010 diagnostic criteria. The selection of questionnaire items took into account the following issues. A modification to the 2010 criteria was proposed in 2011; however, this was not included for several reasons. The primary purpose of the modification to the American College of Rheumatology preliminary diagnostic criteria for fibromyalgia [13] developed a "fibromyalgia survey questionnaire for epidemiologic and clinical studies" without the requirement of an examiner. They also suggested that these should not be used for self-diagnosis. The purpose of our study is to probe the understanding of practicing physicians' knowledge of the criteria for diagnosing fibromyalgia; therefore, we elected not to utilize this modification. Furthermore, in 2013 the Canadian Guidelines for the Diagnosis and Management of Fibromyalgia state that clinicians should use the 2010 criteria and that they may use the 1990 tender point examination to diagnose fibromyalgia [17] . Physician responses were recorded on a seven-point Likert-type scale (1 ¼ absolutely agree, 2 ¼ strongly agree, 3 ¼ agree, 4 ¼ neutral, 5 ¼ disagree, 6 ¼ strongly disagree, 7 ¼ absolutely disagree). A Likert-type scale was employed to determine the extent of physician agreement for each item on the questionnaire, and we used seven points on the Likert-type scale to capture variance among physicians on their agreement, while reducing participants' cognitive effort with a larger scale and preventing the lower reliability associated with very large of scales and those with five responses or less [18] . Ideally, physicians should disagree with questions 11, 13, 16, 17, and 19 and agree with the remaining items to indicate adequate knowledge of the criteria based on the literature [9,10]. We defined a correct response as correct agreement (Likert-type response 1, 2, and 3) or disagreement (Likert-type response 5, 6, and 7). A neutral response was defined as incorrect. A proportion score was then calculated for each physician based on the number of questions they answered correctly in the questionnaire. For example, if a physician answered 8 out of 10 questions correctly, they were given a score of 80. The remaining questions provided demographic information including years in practice, specialty, and use of the criteria. Prior to the utilization of the questionnaire, the face validity of the question stem was assessed by three expert physicians in physical medicine and rehabilitation. Each question stem was screened for grammatical sense and clarity. All physicians agreed on the content and meaning conveyed by the question stems. We created a customized questionnaire for this study because there were no validated measurement tools for determining physician use and knowledge of the 1990 and 2010 diagnostic criteria. The University Health Network Ethics Review Board granted ethics approval for our study.
A sample size estimate of 275 provided 80% power to an effect size of 0.5 at an alpha of 0.05. A convenience sample of 572 physicians were approached by several researchers on our team in person at private clinics, hospitals, national and local conferences, meetings, and rounds in Canada. Online surveys were also used and were disseminated using email. A total of 284 physicians completed the questionnaire, presenting a response rate of 49.7%. Participants declined to participate for the following reasons: One physician did not agree with our methodology, some physicians who did not specialize in pain were uncomfortable providing their responses, and some physicians stated the questionnaire would be too time-consuming. Physicians who diagnose pain as a primary component of their specialty requirements were included in the sample. This group included family physicians, rheumatologists, physical medicine and rehabilitation (PM&R) specialists, neurologists, and anesthesiologists. Three participants were excluded, two participants were physiotherapists, and one physician practiced palliative medicine. Data were collected from February of 2015 until June of 2016. Participants were instructed to refrain from using resources to help them complete the survey and to respond to each question to the best of their ability. To ensure consistency in responding behavior among physicians, the same researcher administered the questionnaire.
Statistical Analysis
The primary outcome measure of this study was physician agreement on a seven-point Likert-type scale with questions testing knowledge of the 1990 criteria and 2010 criteria. The mean (standard deviation) and variance of all physician responses were calculated for each item on the questionnaire. Intraclass correlations (ICCs), using the ICC 2 model measuring absolute agreement, were calculated for the 1990 criteria and 2010 criteria sections of the questionnaire. This indicated the level of physician consistency in their responses to the questionnaire items for each section.
To discern whether clinician use of the criteria was associated with their scores on the 1990 and 2010 criteria sections of the questionnaire, one-way analysis of variance (ANOVA) was conducted to compare scores between clinicians who indicated that they 1) used the 1990 criteria only, 2) used the 2010 criteria only, 3) used the 1990 and 2010 criteria, and 4) used no criteria.
The next aim was to determine physician overall knowledge of each fibromyalgia criteria set in the questionnaire, while controlling for clinical experience and specialist training. To determine whether physician specialist training contributes to physician knowledge of the criteria, physicians were divided into three groups based on their specialist training in MSK, pain, and rheumatology as outlined by the Royal College of Physicians and Surgeons and curriculums provided by family medicine programs in Canada. These institutions provide mandatory time allotments in MSK, pain, and rheumatology clinics to obtain a fellowship in the sampled specialties. The first group included family physicians receiving the least specialist training. They received between zero and two months of training in MSK rehabilitative clinics . The second group received an intermediate level of training, which included anesthesiologists and neurologists. They receive a minimum of one month in rheumatology, PM&R, and MSK rehab clinics [42, 43] . Anesthesiologists are mandated to complete a onemonth rotation in chronic pain management and have the additional option of gaining up to one year of experience in chronic pain clinics. The final group received the most specialist training, including rheumatologists and PM&R specialists [43, 44] . They receive between 20 and 24 months in PM&R and rheumatology clinics, of which PM&R clinics provide training in chronic pain management. The proportion of correct responses on each section in the questionnaire was calculated for the three physician groups in order to quantitatively assess physicians' degree of knowledge of the criteria. Two analyses of covariance (ANCOVA) were conducted to compare group scores on the 1990 criteria and 2010 criteria of the questionnaire. Physicians' years in practice were set as the covariate to control for the effects of physician clinical experience on their knowledge of the criteria. All statistical analyses were conducted using the Statistical Program for the Social Sciences (SPSS.v24). Results were interpreted using a conservative P value of 0.025 as variances were not homogenous across groups. Post hoc Fisher's tests were computed, and results were interpreted using the Bonferroni-Holm adjustment to account for an inflated type 1 error associated with multiple comparisons.
Results
A total of 284 physicians participated in this study, of which all practiced in urban clinical settings, and only one physician practiced in rural and urban settings. Our sample consisted of 100 family physicians, 58 physical medicine and rehabilitation specialists, 29 rheumatologists, 69 anesthesiologists, and 28 neurologists. Twelve percent of physicians used only the 1990 criteria in practice, 26.8% used the 2010 criteria, 12.0% used both criteria, and 49.2% used no criteria. Demographics of the study participants can be found in Table 1 .
Knowledge of the Criteria
Physicians' mean (SD) and variance of responses can be found in Table 1 Physicians who used the 1990 and 2010 criteria in practice scored significantly higher than physicians who used no criteria on the 1990 questions (P ¼ 0.011) and the 2010 questions (P ¼ 0.003). There were no significant differences between physicians who used the 2010 criteria only and both the 1990 and 2010 criteria on the 1990 questions' (P ¼ 0.99) and 2010 questions' scores (P ¼ 0.99). There were also no significant differences between physicians who used the 1990 criteria only and those who used no criteria on the 1990 questions' scores (P ¼ 0.406) and the 2010 questions' scores (P ¼ 0.679). Physicians using no criteria in practice scored the lowest on the 1990 and 2010 sections of the questionnaire, followed by Figure 2) . Physicians' years in practice were also not associated with their scores on the 1990 criteria (P ¼ 0.892) and the 2010 criteria (P ¼ 0.427).
Post hoc analyses for the 1990 and 2010 criteria indicated no knowledge differences between physicians with the least specialist training and those with intermediate specialist training (1990 P ¼ 0.382, 2010 P ¼ 0.146). There were significant knowledge differences between physicians with the most specialist training and the remainder of the physician groups (1990: least specialist training and intermediate specialist training P < 0.001, intermediate specialist training and most specialist training P < 0.001; 2010: least specialist training and most specialist training P ¼ 0.003, intermediate specialist training and most specialist training P < 0.001). Physicians overall scored lowest on the 1990 section of the questionnaire relative to the 2010. Physicians with the most specialist training had the highest mean (SD) score on the 1990 and 2010 sections of the questionnaire, 55.4% (24.8) and 72.4% (28.3), respectively. Physicians with the least specialist training scored higher than physicians with intermediate specialist training.
Discussion
Chronic, widespread pain is a major social burden [45] . Musculoskeletal pain affects 13.5-47% of the general population. The prevalence of chronic widespread pain varies between 11.4 and 24% depending upon the study methodology [46] . The prevalence of fibromyalgia and chronic pain conditions is currently on the rise, both as a primary or secondary condition with chronic rheumatic and nonrheumatic diseases [11, 12] . Prevalence Health care costs among fibromyalgia patients are considerably higher than patients with other chronic illnesses or healthy populations [48] . On average, physician visits, overall health care utilization, and drug costs among fibromyalgia patients are two-fold those without fibromyalgia [49] . Similar results were found in Canada [50] , and a three-fold total health care cost was found in the United States [51, 52] . Furthermore, the average annual disease-related societal costs per patient were double for fibromyalgia compared with ankylosing spondylitis and equivalent for chronic low back pain [48] . Patients with fibromyalgia experience a 2.3-to 5.8-year delay before receiving an initial fibromyalgia diagnosis [17] . This indicates a need for appropriate and timely diagnosis, necessitating knowledge of the diagnostic criteria among clinicians.
Our findings suggest that knowledge of the diagnostic criteria is heterogeneous among physicians. Our data also demonstrate that knowledge is significantly influenced by specialist training and is independent of clinical experience. Physicians exhibited dissidence regarding several crucial criteria that differentiated the 1990 and 2010 criteria. As expected, physicians with more specialist training in pain, MSK, and rheumatology had more knowledge of the criteria items on the questionnaire relative to family physicians, neurologists, and anesthesiologists. Physicians were overall more knowledgeable of the 2010 criteria than the 1990 criteria although this knowledge was not comprehensive. Our results align with previous research reporting that approximately 50% of physicians adhere to the diagnostic criteria [11, 12, 14, 15] . Our results extend this information by providing usage of both the 1990 and 2010 criteria. We found that only 50.8% of physicians adhered to a set of diagnostic criteria in practice, with the remaining 49.2% relying on their clinical acumen. Our results also indicate that years of practice did not influence knowledge of criteria. Our expectation was that if the physician had been practicing since the 1990s, they would be more knowledgeable of the 1990 criteria, but this was not demonstrated by our results. Additionally, if the physician began their practice after 2010, we expected that they would be more knowledgeable of the 2010 criteria and have less familiarity with the 1990 criteria, but again this was not confirmed by our study results.
Previous studies have found that one-to two-thirds of family physicians and specialists experience difficulty diagnosing fibromyalgia, particularly when differentiating it from other rheumatic diseases [11, 15] . The difficulty family physicians express regarding fibromyalgia diagnosis is of significance as they are considered the primary point of care and they encounter the greatest number of chronic pain and MSK conditions in daily practice relative to other specialists [17, 43, 44] . Family physicians misdiagnose approximately 40% of fibromyalgia patients when using rheumatologists' diagnoses as the gold standard [49, 53] . Deviating from recognized diagnostic criteria increases false-positive and falsenegative diagnoses and may result in inadequate or inappropriate treatment [54, 55] . The issue with anesthesiologists and neurologists having difficulty diagnosing fibromyalgia can be attributed to their respective clinical settings. Anesthesiologists work in a preoperative setting, and as such their core focus is on preoperative issues. For neurologists in Canada, there is no subspecialty within that specialty for the study of pain, therefore making it less likely for that group of individuals to be aware of evidence-based guidelines for fibromyalgia. Receiving a fibromyalgia diagnosis also saves health care costs for approximately four years [56] . This suggests that physicians should adhere to the criteria in order to ensure consistent, accurate, and timely diagnoses.
Medical education and extent of training in pain medicine are possible contributors to the knowledge and diagnosis differences between physician groups. We conducted an online search of Canadian medical undergraduate and postgraduate curricula to investigate the amount of mandatory time allocated to musculoskeletal, pain, and rheumatology (fields that encounter fibromyalgia) education for undergraduates and residents across all specialties (Supplementary Data). The search results indicate that most fibromyalgia knowledge is acquired during residency. Across Canada, undergraduate medical students receive variable amounts of MSK education, ranging from zero to seven weeks. Watt-Watson et al. [57] found that undergraduate medical curricula allocated an average of 16 hours, approximately 2% of total medical education hours, to MSK and pain-related instruction and that students are not receiving adequate pain education. This is in comparison with veterinary students, who receive a total average of 87 hours of pain education [57] . Pain education is also fragmented and integrated into other nonpain courses [57, 58] . As a result, undergraduate medical students may continue into their residency with a poor background in musculoskeletal and pain assessment and management [59] . During residency, we found that family physicians receive approximately zero to six weeks and four to eight weeks of mandatory rotations in musculoskeletal and internal medicine clinics, respectively, both of which may or may not include fibromyalgia. This is approximately four to seven times less than rheumatologists and physical medicine and rehabilitation specialists. Additionally, not all medical schools are mandating musculoskeletal or physical medicine and rehabilitation education for family physicians, despite fibromyalgia being stated as a curriculum objective. This is concerning because family physicians are usually the point of first contact for patients who develop chronic pain and may have fibromyalgia. In addition, they are expected to confirm diagnoses and to manage fibromyalgia given the increasing number of cases in primary care clinics and the increasing demand on rheumatologists to manage other primary rheumatic conditions [10, 11, 42] . There seems to be a disparity between the demands on family physicians to diagnose and manage fibromyalgia and the training they receive.
One method to improve fibromyalgia diagnosis is with the implementation of targeted knowledge translation to educate medical students, residents, and physicians on the updated criteria and the importance of consistently applying them in daily practice. Strategies may include continuing medical education seminars, training sessions on performing a good physical exam, developing dropdown menus in electronic medical records with the diagnostic criteria, and open access online modules on fibromyalgia diagnosis. The undergraduate medical and residency pain curriculums should address these gaps by providing advanced courses on chronic pain and fibromyalgia diagnosis. Moreover, educational efforts should be targeted toward specialties that are receiving little education. Furthermore, because of the complexity of interprofessional assessment and management, we suggest an increase in the time allocated to pain education and the introduction of interprofessional training that emulates best practice guidelines of care.
Finally, clinicians should be aware of two modifications to the 2010 criteria that have been implemented in 2011 and 2016 to assist in fibromyalgia diagnosis. The goal of the 2011 modifications was to provide criteria that could be used more easily in practice and epidemiological research. They provide a set of specific self-report symptoms to be assessed by the patient rather than the clinician, and they reduce the need to assess a wide range of somatic symptoms and physical examination for the clinician researcher. The 2016 criteria further modified the 2010/2011 criteria to reduce misclassification rates by combining self-report with physician assessment. These are the most recent, comprehensive, and valid criteria available for the clinical diagnosis of fibromyalgia.
This study has several limitations. First, we employed a convenience sample of Canadian physicians, many of whom practiced within the province of Ontario. While this limits the generalizability of our results, our specific aim in this study was to investigate trends regarding physician knowledge of the 1990 and 2010 criteria. Additionally, the questionnaire we used was not previously validated. There are no studies in the literature that utilize a questionnaire measuring physician knowledge of the fibromyalgia 1990 and 2010 criteria. Furthermore, the questionnaire we developed was not designed as a psychometric tool but rather as an indicator of physician knowledge of the diagnostic criteria; the lack of external validation did not meaningfully impact the conclusions of our study. Previously published studies investigating physician use and awareness of diagnostic criteria similarly created their own measurement tools that were not previously validated for assessing physician use and awareness of the criteria [11, 12, [14] [15] [16] .
Conclusion
Improving knowledge of the fibromyalgia diagnostic criteria across the spectrum of physicians is necessary to increasing the accuracy and efficiency of fibromyalgia diagnosis [3] . Our study suggests that physicians (within our study sample) have poor knowledge of the 1990 and 2010 criteria. Our findings also suggest that more specialist training is associated with a better understanding of the criteria. We found that a significant proportion of physicians relied on their clinical acumen to make a diagnosis of fibromyalgia and did not use the criteria at all. This suggests that there is an urgent need to improve diagnostic accuracy and precision of fibromyalgia diagnosis, as well as a need for the permeation of the criteria into clinical practice. One method to accomplish this is with the implementation of targeted knowledge translation strategies to educate physicians, medical students, and residents on the updated criteria and the importance of consistently applying them in daily practice. Knowledge translation may include continuing medical education seminars, training sessions on performing a good physical exam, developing dropdown menus in electronic medical records with the diagnostic criteria, and open access online modules on fibromyalgia diagnosis. The medical and residency pain curriculums should also address these gaps by providing advanced courses on chronic pain and fibromyalgia diagnosis. Finally, clinicians should be aware of two modifications to the 2010 criteria that were implemented in 2011 and 2016 to assist in fibromyalgia diagnosis. The goal of the 2011 modifications was to provide criteria that could be used more easily in clinical and epidemiological research. They provide a set of specific self-report symptoms to be assessed by the patient rather than the clinician and reduce the need to assess a wide range of somatic symptoms on the part of the clinician. The 2016 criteria further modified the 2010/2011 criteria to include widespread pain and reduce misclassification rates by combining physician and self-report criteria from previous iterations of the fibromyalgia criteria. These are the most recent, comprehensive, and valid criteria available for the clinical diagnosis of individual patients.
Question Mean (SD) Response Median Response Variance
According to the 1990 ACR criteria for fibromyalgia, history of widespread pain is a necessary criterion for diagnosis.
2.9 (1.2) 3.0 1.3
4.0 (1.3) 4.0 1.6
According to the 1990 ACR criteria for fibromyalgia, the tender point examination should be performed.* 2.5 (1.1) 3.0 1.2
According to the 1990 ACR criteria for fibromyalgia, the severity scale should be used.
According to the 1990 ACR criteria for fibromyalgia, fatigue is a symptom.
3.2 (1.2) 3.0 1.5
According to the 1990 ACR criteria for fibromyalgia, waking unrefreshed is a symptom that should be considered in diagnosing fibromyalgia.
3.7 (1.2) 4.0 1.5
According to the 1990 ACR criteria for fibromyalgia, cognitive symptoms should be considered in the diagnosis of fibromyalgia.
3.9 (1.2) 4.0 1.4
According to the 1990 ACR criteria for fibromyalgia, somatic symptoms should be considered in the diagnosis of fibromyalgia.
3.5 (1.2) 3.0 1.5
According to the 2010 ACR criteria for fibromyalgia, the widespread pain index should be used.
2.9 (1.0) 3.0 1.1
According to the 2010 ACR criteria for fibromyalgia, the tender point examination should be performed.
3.6 (1.5) 3.0 2.3
According to the 2010 ACR criteria for fibromyalgia, the severity scale should be used.
3.3 (1.2) 3.0 1.5
According to the 2010 ACR criteria for fibromyalgia, fatigue is a symptom that should be considered in diagnosing fibromyalgia.
2.8 (1.1) 3.0 1.2
According to the 2010 ACR criteria for fibromyalgia, waking unrefreshed is a symptom that should be considered in diagnosing fibromyalgia.
3.0 (1.1) 3.0 1.1
According to the 2010 ACR criteria for fibromyalgia, cognitive symptoms should be considered in the diagnosis of fibromyalgia.
3.1 (1.1) 3.0 1.2
According to the 2010 ACR criteria for fibromyalgia, somatic symptoms should be considered in the diagnosis of fibromyalgia.
Pharmacological strategies for treatment of fibromyalgia may include the use of medications such as acetaminophen, antiinflammatory drugs, anticonvulsants, antidepressants, muscle relaxants, opioids, lidocaine infusions, ketamine, and cannabinoids.
3.0 (1.2) 3.0 1.4
There is no single ideal drug in the treatment of fibromyalgia. 2.4 (1.2) 2.0 1.5 The primary nonpharmacological strategies for treatment of fibromyalgia include exercising regularly, maintaining a healthy diet, pacing of activity, sleeping regularly, and managing stress. 
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